The high luminosity e + e − collisions at the B-factory experiments (Belle/BaBar) have revealed rich spectra of hadron resonances in the charmonium region. Many of the newly found states do not fit to the unfilled level of the conventional spectrum. Some of them are thought to be exotic states, having sub-structure more complex than the quark anti-quark mesons. In fact, Belle has found some states with non-zero electric charge, that require a minimum quark content of ccud. In this paper, we review the present status of studies on such exotic hadrons at the B-factory experiments. §1. Introduction Thanks to the great success of the B-factory experiments at KEK (KEKB/Belle) and SLAC (PEP II/BaBar), our knowledge on CP violation phenomena has been greatly improved in the past years. Another success of the B-factory experiments, which is an unexpected bonus, is the discoveries of many new hadronic states. Of particular interest are a number of charmonium-like meson states, collectively known as "XY Z mesons. Their measured mass does not fit to the mass spectrum predicted by QCD-motivated conventional quark model calculations. Although they lie above the open charm threshold at 3.73 GeV, they decay preferably to charmonium and one or two pions rather than two charm mesons (DD). Because of their peculiar natures, some of them are thought to be "exotics", and have been extensively discussed in literatures. 1) Quantum Chromodynamics (QCD), the fundamental theory for strong interaction, does not exclude the possible existence of hadrons with a substructure that is more complex than the ordinal three-quark baryons and quark-antiquark mesons. In fact, such quark configurations were considered already in the original Gell-Mann's paper for the quark model. 2) The possible exotic state includes;
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Thanks to the great success of the B-factory experiments at KEK (KEKB/Belle) and SLAC (PEP II/BaBar), our knowledge on CP violation phenomena has been greatly improved in the past years. Another success of the B-factory experiments, which is an unexpected bonus, is the discoveries of many new hadronic states. Of particular interest are a number of charmonium-like meson states, collectively known as "XY Z mesons. Their measured mass does not fit to the mass spectrum predicted by QCD-motivated conventional quark model calculations. Although they lie above the open charm threshold at 3.73 GeV, they decay preferably to charmonium and one or two pions rather than two charm mesons (DD). Because of their peculiar natures, some of them are thought to be "exotics", and have been extensively discussed in literatures. 1) Quantum Chromodynamics (QCD), the fundamental theory for strong interaction, does not exclude the possible existence of hadrons with a substructure that is more complex than the ordinal three-quark baryons and quark-antiquark mesons. In fact, such quark configurations were considered already in the original Gell-Mann's paper for the quark model. 2 • Hybrid: bound state of a quark-antiquark pair and a number of gluons. Although the interpretation is uncertain at this stage, the increasing number of XY Z meson states reported by B-factories as well as CLEO and CDF experiments, acquire a lot of interests in the community, together with the penta-quark state Θ + (uudds) reported first by the LEPS experiment at the SPring-8. 3) In this paper, we review the present status of studies on such exotics hadrons at the B-factory experiments. Results are shown mainly using the Belle data. §2. Study on exotic hadrons at B-Factories Such many discoveries of exotic hadrons have been brought by the high luminosity accelerators and the excellent detectors, which are capable to reconstruct all of the interesting reactions exclusively in clean environment of e + e − collisions. In the case of the KEK B-factory, KEKB is an asymmetric energy collider of 8 GeV electron and 3.5 GeV positron beams, running on the Υ (4S) resonance (center-ofmass energy is 10.58 GeV). The peak luminosity has reached 2.1 × 10 34 cm −2 s −1 , the world highest luminosity and two times more than the design value. The integrated luminosity by December 2009 is about 950fb −1 , among which 710fb −1 is taken on the Υ (4S). This data set corresponds to production of about 800M BB pairs and 960M charm and anti-charm meson pairs. The Belle detector surrounds the interaction point with a large solid angle (about 90% of 4π), and records the production of qq(q = u, d, S, C, b) with minimum bias trigger condition. The detector has also excellent particle identification system, which allows one to distinguish the final state particles, e, π, K, p and γ.
There are several ways to produce charmonium states at the B-factories ( Figure 1) ;
• B decays: the dominant B meson decay occurs through b → cW transition, followed by W →cs. Charmonium is produced when c andc quarks are arranged close enough in the phase space. The s quark is combined with the spectator u ord quark to make the associatedK meson. The possible J P C quantum number of the produced system is 0 −+ , 1 −− or 1 ++ . The well-known X(3872) and Z(4430) were found in this process.
• ISR process: in e + e − collision, the initial state e + and e − occasionally radiate a high energy γ ray, and the e + and e − subsequently annihilate with a correspondingly reduced energy. This produces a charmonium state with J P C = 1 −− . The charmonium-like states, Y (4260), Y (4360) and Y (4660) were observed by this method.
• Double charm production: the Belle collaboration discovered that when a J/ψ is produced in the process, e + e − → J/ψ+ anything, the accompanying system contains another system with high probability. This process offers a way to search for states with J P C = 0 +− , 0 ++ in the missing mass, therefore, independent of the decay mode.
• Two-photon collision: charmonium-like state, in J P C = 0 −+ , 0 ++ , 2 ++ can be produced also via collisions of virtual photons, each produced by e + and e − beams. The Z(3940) state was found in this process. More aggressively, one can study exotic hadrons by changing the accelerator energy, as discussed later in Section 4, which describes search for the bottom counterpart of XY Z. §3. Status of XY Z Table I summarizes the candidate XY Z mesons found by now. Among the 15 claimed states, X(3872) was first discovered by Belle, and has been studied most ex- tensively. 
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The X(3872) was first observed in 2003 by Belle as a narrow peak near 3872 MeV in the ) and BaBar 10) have reported evidence for the radiative transition X(3872) → γJ/ψ, which indicates that the X(3872) has C = +. This implies that the dipion in the X(3872) → π + π − J/ψ decay has C = −, suggesting it originates from a ρ. In fact, the dipion invariant mass distribution measured by CDF is consistent with originating from ρ → π + π − . 11) The decay of a charmonium state to ρJ/ψ would violate isospin, and the evidence for this process provides a strong argument against a charmonium explanation for this state. Angular correlations among the final state particles from X(3872) → π + π − J/ψ rule out all J P C assignments for X(3872) other than J P C = 1 ++ and 2 −+ . 12) The possibility to interpret X(3872) as a tetra-quark state was proposed by Maiani et al. 13) This scenario predicts nearly degenerate states including charged states which have not been observed yet. It also predicts slight mass difference between two states produced by charged and neutral B decays. The neutral B decay, B 0 → X(3872)K 0 has been observed by Belle, and the mass difference is found to be ; δM X = M (X from B + ) − M (X from B 0 ) = 0.18 ± 0.89 ± 0.26 MeV, which is consistent with zero, as shown in Figure 2 
Z
The Belle collaboration has claimed three charmonium-like states with an electric charge, which cannot be conventional cc states. They require the minimum configuration of ccud. They represent clear evidence for some sort of multi-quark state, either a molecule or tetra-quark. The Z + (4430) was first observed in 2008 in the π + ψ invariant mass distribution from the B → Kπ + ψ decay 17) in the 6.57 M sample (see Figure 3-a) MeV. 18) The Belle observation was not confirmed by the BaBar analysis using 4.55 M sample, 19) although two π + ψ invariant mass distribution was consistent within statistical errors. The Belle collaboration has also observed two resonance structures in the π + χ c1 mass distribution from the π + χ c1 mass distribution from the B → Kπ + χ c1 decay with M 1 = 4051 ± 14 
New results from summer 2009
Recently, the CDF collaboration has announced a 3. The Belle collaboration has reported measurements of the energy dependence of the e + e − → π + π − Υ (nS) (n = 1,2 and 3) cross section around E CM = 10.9 GeV, and found peaks in all three channels at 10.899 GeV, 27) as shown in Figure 5 . The mass and width values of the peak are quite distinct from those of the nearby Υ (5S) bottomonium (bb) state, and the cross section values are more than two-orders-ofmagnitude above expectations for a conventional (bb) state. One interpretation for this peak is that it is a b-quark sector equivalent of the 1 −− Y states seen in the c-quark sector. 28) §5. Summary
The B factory experiments at KEK (KEKB/Belle) and SLAC (PEP II/BaBar) have observed many new hadrons, which cannot be explained by conventional meson pictures. The Belle collaboration has observed states with non-zero electric charge, which require the minimum of contents of four quarks. There is some evidence for similar structures in the s-and b-quark sectors. More studies on both experimental and theoretical sides are necessary to interpret these states. Both B factories have large data samples at hand, and will continue providing interesting results in coming years. In future, super B-factories will provide opportunities to search for much more states, and study detailed properties (spin, parity, decay modes etc.) of the observed states.
